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Introduction 1
In sexually dimorphic species, males and females often differ in their social affinities, 2 habitat use and activity synchrony. Such sex-specific segregation has been 3 extensively studied (Clutton- 
(RSH). 10 11
The FSH is based on the Jarman-Bell principle (Demment and Van Soest, 1985) , but 12 applied at the intra-specific level. This principle acknowledges that gut capacity 13 increases linearly with body weight while the metabolic weight of homeotherm 14 animals scales to body weight 0.75 , and therefore relative energy requirements 15 decrease and digestion rate increases in mammals with increasing body size. FSH 16 thus predicts that the smaller females and juveniles should display a more selective 17 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 9 each study animal was assigned to a major sex-age class following the criteria in 1 Carranza (2004) . Red deer remain with their mothers until approximately two years of 2 age conforming the nursery groups (does, fawns and yearlings of either sex). At that 3 age, males have been observed to leave the family group, and most females give 4 birth to their calves in their second year. Animals over two years were therefore 5 classified as adults and all animals below two years as juveniles. Since males and 6 females below two years are of approximately the same size, 3 sex-age classes were 7 defined: adult males, adult females and juveniles (including both males and females). 8 9
Diet composition 10
The botanical components of the diet were determined using microhistological analysis 11 of plant remains in faecal samples (Henley et al., 2001; Stewart, 1967) . Faecal 12 samples were collected from hunted deer during three periods corresponding to 13 definite reproductive states in Iberian red deer: reproductive period (September) which 14 corresponds with the male rut and the late lactation period for females; post rutting 15 period (October, November and December) when males are recovering the condition 16 lost during rut, fawns are fully weaned, and females are in early gestation; and finally 17 late gestation (February and March) (Carranza, 2004) . A total of 69 fresh faecal 18 samples were collected from all hunted animals, mainly in culls and occasionally in 19 beats during the specified periods: 8 adult females, 8 juveniles, 8 adult males during 20 the rut; 8 adult females, 13 juveniles, 6 adult males during the post-rutting period; and 21 5 adult females, 8 juveniles and 5 adult males during the late gestation. For each 22 animal, sex, age class (adult or juvenile) and body weight were registered. Although 23 fresh scats collected in the field from tracked animals were available, only faeces from 24 hunted deer were used for this study because of the importance of knowing the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 10 individual body weight in order to test segregation hypotheses based on allometric 1 predictions. Since faecal sampling relied on hunting activity, samples could not be 2 collected during the birth period i.e. spring and early summer as this is off-hunting 3
season. 4
Fresh faeces were frozen after collection and kept at -20ºC until further analyses. 5
From each sample, 10 g were placed in a test tube with 5 ml of 65% concentrated 6 NO 3 H. Test tubes were then boiled in a water bath for 1 min. After digestion in NO 3 H, 7 samples were diluted with 200 ml of water. This suspension was then passed 8 through 0.5 and 0.125 mm sieves. The 0.125 to 0.5 mm fraction was spread on glass 9 microscope slides in a 50% aqueous glycerine solution. Two slides were prepared 10 from each sample. Slides were examined under a microscope at 100 to 400 11 magnifications by viewing transects with a total of 20 fields (2 mm 2 ) in each slide. 12
Plant fragments in each field of view were recorded and counted until a minimum of 13 100 leaf epidermal fragments were identified from each slide. Epidermal fragments in 14 faeces were compared with a previously prepared reference collection (unpublished 15 data). Consumption on supplementary food could not be assessed through 16 microhistological analysis of faeces since it is a concentrate and no epidermal 17 remains could be observed in the faecal samples. 18 3 coarse forage type categories were considered when testing for differences in 19 seasonal feeding preferences by male, female and juvenile deer. All graminoids were 20 assigned to the grass category; the forb category comprised all dicotyledonous 21 herbs, and woody species were assigned to the shrub category. Plant resources are 22 generally aggregated under these 3 categories since grasses, forbs and shrubs 23 present themselves in very different ways to the foraging herbivore and differ in According to previous field observations, we harvested leaves and stems of the most 9 ubiquitous and diet-relevant shrub species occurring in the study site, as well as a bulk 10 sample of the herbaceous layer for nutrient evaluation. Collected shrub species were: 11 Cistus spp., Cytisus spp., Erica spp., Phillyrea angustifolia and Quercus spp. 12
13
Harvested plant samples were oven-dried at 60ºC until constant weight, stabilized at 14 ambient temperature for 48 h and ground to 1 mm before analyses. All analyses 15
were carried out on duplicate samples and results reported as g/100g dry matter. The 16 total dry matter content of each sample was determined by drying to constant weight 17 in a forced air oven at 103ºC (AOAC, 2005 between NDF and ADF, and C as the difference between ADF and ADL. Total N was 5 assessed by Kjeldahl analysis following AOAC (2005) . Total N provides a measure of 6 the crude protein available (total N*6.25 =crude protein) which is important for the 7 efficient functioning of rumen microorganisms as well as providing for the N required 
Diet and nutrient selection 20
The proportion of plant species found in deer dung and the nutritional content of the 21 diet are constrained by plant availability. Therefore, the Savage Selectivity Index 22 (Manly et al., 2002) was used in order to adjust the use of each plant species with 23 respect to its relative availability for each study period. This index determines 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 13 Savage index varies from zero (maximum refusal) to infinite (maximum selection), 1 1 being the value defining the selection expected by chance. The values resulting from Savage Index calculations for plant categories and nutritional 20 components as described in this section were used for all analyses and hereafter will 21 be referred to as diet selection and nutrient selection, respectively. 4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 15 carried out using non-sequential type III sums of squares, which is appropriate for 1 unbalanced data (Langsrud, 2003) . Analyses were performed using SPSS 17.0 2 package (SPSS Inc., Chicago IL) and R version 2.10 (R Development Core Team, 3 2009). Type III sum of squares were calculated in R using the Car package (Fox, 4 2009). 5 6
RESULTS 7

Shifts in forage selection across periods 8
There was a significant interaction effect between period and sex-age class on 9 dietary selection by deer (F 12,153 = 2.9, P = 0.001) ( Table 1) . During the rut, males 10 selected significantly more grasses and forbs compared to both females and 11 juveniles (P < 0.01), and significantly less shrubs (P < 0.0001) (Fig. 1 ). There were 12 no significant differences (P > 0.10) in diet selection outside the mating season. 13 14
Differing nutritional preferences between deer classes 15
The average nutritional content of diet was determined for each period and deer 16 class ( Table 2 ). The PCA yielded two main nutritional axes that accounted for 94.5% 17 of the original variation in nutrient selection (Table 3 ). The first component (NUT 1) 18 consisted of cell contents, i.e. available and total N on one extreme, and cellulose on 19 the other extreme of the axis (factor loadings higher than 0.7 were considered, 20
Garson 2011). The second component (NUT2) consisted of tannins and cell wall 21
constituents. Nutrients showing positive loadings on this axis were lignin and tannins 22 while factors loading negatively on the axis included hemicellulose. There was a 23 significant (P < 0.001) interaction effect of period and sex-age class on NUT1 and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 16 preference for available and total N and higher for cellulose compared to both 1 females and juveniles (P < 0.0001, Fig. 2a ). There were no differences between sex-2 age classes for NUT 1 values in neither the post rutting period nor during late 3 gestation (P > 0.5). As for NUT 2, there were, similarly, significant differences 4 between males and both females and juveniles during the rut (P < 0.0001) but not 5 outside the mating period (P > 0.3) (Fig. 2b) . 6 7
DISCUSSION 8
We report foraging differences and overlaps between sexes in Iberian red deer 9 across reproductive states and seasons that may contribute to the understanding of 10 sexual segregation patterns in dimorphic ungulates within semi-arid ecosystems. We 11 simultaneously assessed botanical and nutritional preferences of three sex-age 12 classes in Iberian red deer across reproductive periods. Under high densities in a 13
Mediterranean ecosystem, dietary and nutritional preferences of Iberian red deer 14 significantly differed between males and females/juveniles during the rut, whereas no 15 differences were detected between sex-age classes during the post rutting period 16 and late gestation. Dissimilar foraging behaviour between classes corresponds with 17 the least favourable time in terms of food resource quality and availability. By 18 quantifying actual foraging and nutritional preferences, we provide a necessary 19 insight into the mechanisms underlying the dietary-related hypotheses of sexual 20 segregation in dimorphic ungulates i.e., the FSH and the RSH. 21
22
The main segregation hypotheses consider sexual divergence in resource selection a 23 consequence of allometry between sexes, but the majority of studies do not include 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 17 2006). Here we found, as expected, significant between-class differences in body 1 weight. However, intra-class allometry did not have an effect on any of the analyzed 2 dietary parameters. Body size, hence, seemed to play a role only when differences 3 , 1982) . Some studies have even considered each sex as 11 a distinct ecological species (Shannon et al., 2006) . In our study area, segregation in 12 terms of diet selection between male and females/juveniles occurred during the least 13 favourable period in terms of resources availability and quality, i.e. the late summer 14 or rut. During that period, females and juveniles exhibited, compared with males, a 15 higher selection for shrubs, which are mostly evergreen species and offer a key 16 resource (sensu Scoones, 1991) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 18 area dominated by Cistus spp. and dry grasses whereas females fed in areas with a 1 more nutritious woody plant supply, during the summer (Lazo et al., 1994) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 would be displaying territorial behaviour during the rut, defending a territory (the 1 pastures) that, although of no nutritional value at that time, will considerably increase 2 its forage quality and attract the females in late September, after the first rains. The 3 landscape in the study area is a mosaic with two kinds of patches: pastures 4 (containing grasses, and forbs on a lower proportion) and scrubland (mainly 5 evergreen shrubs). Male selection for grasses during the rut could imply a 6 preferential use of pastures and support red deer territoriality. However, this needs to 7 be confirmed with further data on habitat use. Male Iberian red deer have also been 8
shown to defend routes of females to feeding sites and artificial food sources i.e. 4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 20 Therefore, RSH seems to provide the most likely explanation for the different dietary 1 preferences observed for male and female Iberian red deer during rut. overlap in this period is probably due to the need to restore body reserves lost during 21 the rut and lactation, the substantial re-growth of herbs and shrubs that takes placeduring this rainy period, and the availability of ripe holm oak acorns, which constitute 23 an important proportion of deer diet during this period (Rodríguez Berrocal, 1978 ;1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 21 male consumption of greater amounts of the shared resources in order to fulfil their 1 high energy requirements during the post rutting period (Clutton Brock et al., 1982) . 2
The overlap in diet selection between sex-age classes outside the breeding season 3 would therefore support the RSH predictions of male diet being of similar or even 4 superior quality than that of females when high-quality forage is readily available 5
(Main, 2008). 6 7
The area in which the study was undertaken, as well as many of the game estates in 8
Mediterranean Spain, is under intense management measures that could 9 differentially affect sexes leading to altered foraging patterns. Regarding hunting 10 practices, kills are not aimed at a specific sex-age class (i.e. adult males) but are 11 evenly spread across the three sex-age classes considered (see section 2.4). So the 12 presence of this "predation pressure" would equally impact male, female and juvenile 13 habitat use and foraging patterns. As for the supplementary concentrate in the study 14 site, it is provided daily in troughs in order to enhance deer survival and reproduction 15 rates and promote trophy sizes and quality. Although this common practice adds 16 artificiality to the management of southern Iberian hunting estates, it allows a better 17 visualization of the different plant species selection as it is important for animals to 18 receive a basal diet in order to test preferences under conditions in which nutritional 19 or energetic requirements are satisfied (McArthur et al., 2000) . In the study area, 20 equal and free access to artificial food for the 3 study classes is ensured during most 21 of the year through the specific architecture of certain troughs that allows exclusive 22 access to females and juveniles (with bars that impede feeding to animals holding 23 antlers). Moreover, our observations confirmed that trough use did not differ between 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 22 Therefore, since all deer sex-age classes have access to available supplementary 1 food, significant differences in plant selection suggest that sex-specific resource 2 selection is taking place in the study area. and reproductive status to shape sexual segregation in ungulates. Therefore, it is 7 difficult to identify one single factor that explains temporal dietary overlap and 8 segregation between deer sexes. In this study, the contrasting fitness strategies held 9 by the two sexes together with their seasonal nutritional requirements seemed to 10 explain the observed foraging and nutritional selection in the study population. 11
Nevertheless, data on spring resource preferences and habitat use by red deer in 12
Mediterranean environments are needed to further test these hypotheses. 13
14
Finally, we would like to stress that our findings must be interpreted under the 15 conditions driving Mediterranean resource availability. The widely accepted 16 hypothesis (FSH and RSH) can be applied to Mediterranean climatic conditions to a 17 certain extent, but some important aspects should be taken into consideration, such 18 as the asynchrony between high food availability and high energy requirement 19 periods for animals. Mediterranean climates are characterized by a summer drought 20 that implies significant food shortages during July, August and September for red 21 deer in the study area. This period of low resource availability corresponds with the 22 period of the highest energy needs, since males are storing energy and gaining 23 weight in preparation for rut and females are nursing their offspring (Barboza and1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 In sum, this study highlights both the importance of measuring not only the spatial 9 and social components but also a dietary component and providing a temporal 10 framework when documenting ungulate sexual segregation, and the interest of 11 incorporating regional climatic conditions when addressing management of ungulates 12 with a wide geographic distribution. 13 14
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 Foraging sexual segregation was found during the resource-limiting rut.
 Low resource quality and contrasting factors affecting reproductive success of both sexes might explain observed differences during rut. 
